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ABSTRACT
The purpose of the study was to measure the effect of brain-compatible
teaching strategies on continuation high school students. This was

accomplished by comparing the short-term academic achievement of one
group of students, who received content utilizing brain-based instructional

strategies, to a comparable group of students who received similar content
through traditional delivery methods. The treatment group demonstrated a

statistically significant higher score, post-intervention, than did the comparison
group. The resulting data suggest that brain-based teaching methods have a

positive effect on the learning of continuation high school students.
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CHAPTER ONE

INTRODUCTION

Traditional education in the United States consists mainly of direct

instruction. That is, the teacher stands in front of the class and lectures. This
method, based on fundamentals established during the Industrial Revolution,

has worked for some students but not all. Nineteenth century idealists

proposed the following:
[Education] could bring everyone together in a single place and

offer a standardized, conveyor-belt curriculum. This ... paradigm
of schooling was developed in the 1800s and popularized through

most of the twentieth century, it is often called the ‘factory model.’

Factory skills like obedience, orderliness, unity, and respect for

authority were emphasized. (Jensen, 2007, p. 5)
The architects of this system believed that it would work for everyone,

but that has not proven to be true. Researchers such as Howard Gardner of
Harvard University have shown that people learn in a variety of ways (Gardner,

1993). Students who learn differently often find themselves frustrated and
falling behind because their learning modalities have not been addressed. The

most common reason for students to be reassigned to a continuation school is
because they have failed so many classes that it is not possible for them to

graduate from a comprehensive high school. Chronic failure is typical of the
students in this situdy.
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Since the early 1990s, studies have emerged that have challenged the
established norms regarding the way the brain learns. We no longer think of

education in terms of a “one-size-fits-all” pedagogy but are rather turning to more
brain-based teaching techniques. With the advent of brain-imaging technology

such as functional magnetic resonance imaging (FMRI), positron emission
tomography (PET) scans, and spectrometers (Jensen, 2007), neuroscientists
have discovered that the brain continues its development well beyond
adolescence (Feinstein, 2004). This is important to educators because we now

know that in addition to the differences in learning modalities, the frontal cortex of

the brain which controls executive functions such as decision making, judgment,

and goal setting is the last to develop. Prior to this, scientists mistakenly
believed that the adolescent brain was as fully developed as the adult brain.
This new information has prompted the advent of innovative teaching strategies.

According to Jensen:
[Brain-based learning is] in accordance with the way the brain is

naturally designed to learn.... It draws from multiple disciplines,
such as chemistry, neurology, psychology, sociology, genetics,
biology, and computational neurobiology. It is a [new] way of

thinking about learning. (2000, p. 6)
An example of a brain-based learning strategy is “cross lateral learning”
or bi lateralization. This strategy helps to engage both hemispheres of the brain

at the same time. The data show that the brain is better at problem solving when

both hemispheres are engaged. Since “the right side of the brain controls the left
2

side of the body and vice versa . . . movements that cross [the mid line of] the
body activate both sides of the brain at once” (Jensen, 2004, p. 13).

Brain-based or brain-compatible teaching is holistic. That is, “the brain

simultaneously operates on many levels of consciousness, processing all at once

a world of colors, movements, emotions, shapes, smells, sounds, tastes,
feelings, and more” (Jensen, 2000, p.12). Brain-based teaching strategies are

congruent with the way the brain learns. “Knowing how the brain itself works is

an important prerequisite in shaping what is referred to here as brain-compatible”
[learning] (Fogarty, 2002, p. 3).

Caine and Caine’s “Twelve Principles of Brain-Mind Learning” (1999) “are
based on a systems (holistic and integrated) view, which says that all learning is

interconnected, something that is also true of the brain” (Caine, 2004, para. 20).

The Twelve Principles of Brain-Mind Learning are:
1. All learning is physiological.
2. The Brain-Mind is social.

3. The search for meaning is innate.
4. The search for meaning occurs through patterning.

5. Emotions are critical to patterning.
6. The Brain-Mind processes parts and wholes simultaneously.
7. Learning involves both focused attention and peripheral perception.

8. Learning always involves conscious and unconscious processes.
9. There are at least two approaches to memory: archiving individual

facts or skills, or making sense of experience.
3

10. Learning is developmental.
11. Complex learning is enhanced by challenge and inhibited by threat
associated with helplessness.

12. Each brain is uniquely organized (Caine, 2004, para. 23).

Another important contribution to brain-based learning research was done
by Howard Gardner. He found traditional testing was far too limiting when
attempting to measure the intelligence of individuals. Through his research,

Gardner has increased the range of examination of human intelligence by also
encompassing a holistic approach. In order to examine the wide range of human

potential, Gardner suggests that there are at least eight different intelligences
(Gardner, 1993). Thomas Armstrong (1998-2010) lists Gardner’s multiple

intelligences. They include:

Verbal-linguistic .intelligence

Word smart

Logical-mathematical intelligence

Number/reasoning smart

Visual-spatial intelligence

Picture smart

Kinesthetic intelligence

Body smart

Musical-rhythmic intelligence

Music smart

Interpersonal intelligence

People smart

Intrapersonal intelligence

Self smart

Naturalist intelligence

Nature smart

(para. 1)

In the federal government’s recent effort to improve education, the No

Child Left Behind (NCLB) Act of 2001 has placed emphasis on improving test
4

scores rather than fulfilling individual educational needs. NCLB incorporates

standards-based theories of educational reform and advocates raising the bar by
setting higher educational goals. The assumed outcome is that all students will

succeed. This one-size-fits-all approach ignores the different learning styles of

individual students and the positive effect of successful brain-based teaching
strategies, which have been demonstrated by modern technology and research.

Instead, direct instruction, worksheets, rote pedagogy, and “teaching to the test”
are employed in too many of today’s classrooms. In an effort to increase test
scores, many school districts fail to offer elective courses that include music and
visual arts. They have also lowered graduation requirements for physical

education. This is an effort to maximize instructional time targeted to meet NCLB

benchmarks.
NCLB supporters believe that if more instructional time is spent on

reading, writing, and math, higher test scores will result. The irony is that this

approach is in direct conflict with neurological studies that show memory is
enhanced by physical activity, music, and visual stimulation.
According to Eric Jensen (2004), engaging “learners physically,

strengthens far more neurons than does a sedentary experience like a lecture.
[Also,] kinesthetic involvement engages emotions, builds problem-solving skills
and aids learning by encapsulating information in the brain so it can be recalled

more easily late/’ (p. 8).

Musician and educator Steven Halpern (as cited in Jensen, 2007),

suggests that integrating art and music programs increase the ability of the
5

brain to learn math, reading, and science. Halpern also states that, “The
absence of art and music, on the other hand, can retard brain development
in children” (p. 247). Eric Jensen concurs, “There is a wide body of evidence

that early arts training strengthens the biological, emotional, social, and cognitive

development of humans” (2007, p. 93).

Statement of the Problem
Understanding how we learn and then adapting what we know to our

teaching methods are keys to educating our children in a modern, technological

society. However, school districts need to retain federal and state funding. That
has put undue pressure on teachers and students to focus solely on passing

tests by the use of traditional instruction rather than using strategies that are
responsive to the diverse and unique learning styles of the students. While
V

failure to address students' learning styles is not completely to blame for low test

scores, it does account for a certain portion of academic frustration and failure.
According to Lansberg and Blume (2008), staff writers for the Los Angeles

Times, “1 in 4 high school students drop out” (para.1). In response, Gov. Arnold

Schwarzenegger told reporters, that it is important “that we don't just look at

numbers .... We've got to find out what the reason is and then we can work on
that to eliminate those problems” (Lansberg & Blume, 2008, para. 25).
High dropout rates are also evident in continuation high schools which are

meant to meet the needs of children who have failed for one reason or another.

Students who have already demonstrated a lack of success in conventional
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school settings are confronted with more of the same traditional teaching

methods in alternative settings. A brain-based educational approach could be
tailored for these students’ needs, but until effective approaches are more widely

adopted, these learners will continue to encounter academic failure.

Purpose of the Study
The study measured the effect of brain-compatible teaching strategies on
continuation high school students. This was accomplished by comparing two
similar groups. Both groups received the same curriculum. Brain-based

instructional strategies were used with the treatment group. Traditional teaching
methods were used with the comparison group.

Importance of the Study
The growing amount of empirical data on brain-based learning clearly
brings with it keys to new insights on how people learn. This knowledge serves

as the basis for more effective teaching methods, which can assist “at-risk”
students. But before educators can be expected to adopt new methodologies, it
is important through sound research designs to successfully demonstrate the

effectiveness of brain-compatible instructional methods. Once that is proven,

and more educators adopt brain-based teaching strategies, their students will
have the opportunity to learn in a style more compatible with their brain structure

and function.
The most economical way for teachers to learn about new brain-based

teaching strategies is through professional-growth programs. Ironically, for the
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past several years state-authorized training programs have been systematically

undermined. In 2006, Senate Bill 1209 transferred the responsibility for
professional growth requirements from the state to local school districts,

according to the Commission on Teacher Credentialing (CTC, 2006). In 2007

the verification of 150 hours of professional growth activities was removed from
the professional clear credential renewal requirements. These two actions have
diminished the likelihood that any brain-based teaching strategies will be
standardized soon.

Even though local school districts now have control over teachers’
professional development, they still must comply with the basic California

Standards for the Teaching Profession. These standards, adopted in 1997,

do allow for individualized teaching methods, and they supersede the actions
taken by the California State Legislature.

The Standards are:
1. Standard for Engaging and Supporting All Students in Learning

2. Standard for Creating and Maintaining Effective Environments
3. Standard for Understanding and Organizing Subject Matter
4. Standard for Planning Instruction and Designing Learning Experiences

5. Standard for Assessing Student Learning
6. Standard for Developing as a Professional Educator (CTC, 1997).

All six standards can be applied to these new findings, and they offer an
opportunity to disseminate brain-compatible teaching strategies. The challenge
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remains to adapt our understanding of neuroscience to standardized teaching
methods.

Although neuroscientists agree that brain-based learning will positively
affect all students, no studies were found on how these methods apply to the
learning success of continuation and alternative high school students. These

older adolescents are considered to be the most difficult to teach and have been

identified as being at-risk for failure because of learning and behavior issues that
were not successfully addressed in traditional settings (Smith & Smith, 2006).

Their lack of success may be due in part to academic frustration caused by
teaching methods that are inappropriate for at-risk students.

Scope of the Study

Limitations

The following limiting conditions were imposed upon this study:
1. The sample size may have been too small and therefore not
representative of, or generalizable to, the entire population of at-risk

high school students in the state of California.
2. The time period for data collection was limited to four weeks.
3. Standardized and discriminating research instruments do not currently

exist for the measurement of the specific impact of brain-based
learning strategies on executive function; therefore, the state-adopted

curriculum was used as the assessment to approximate the effect of

brain-based strategies.
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Delimitations

The following delimiting conditions may be considered within this study:
1. The focus of this study was on at-risk continuation high school

students.
2. Study participants were restricted to students enrolled in the health
education classes of the investigator, and they received brain-based
pedagogical strategies, which were implemented within the standards

of the California State Health Education Curriculum.

3. Data that might create a bias on the findings of the study, such as

students’ substance abuse, home environment, and criminal activity,
were not gathered.

Rationale of the Study

The rationale for this study was based on the claim that brain-based

learning strategies work for all types of learners; however, there exists a lack of
information on the effectiveness of these strategies on continuation and
alternative high school students. There was a need to develop data that would
either substantiate or challenge the claim that brain-based learning strategies are

effective on this population.
When compared to comprehensive high schools, students in continuation

and alternative programs have historically scored significantly lower on

standardized tests. The more holistic approach of brain-compatible teaching and
learning strategies may be a more appropriate teaching method for high risk

students.
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Definition of Terms

Brain-based learning or brain-compatible learning: The process that parallels or

complements the way the brain/mind makes meaning and remembers

(Fogarty, 2002, p. 262).
Cross-lateral learning or bilateralization: Two hemispheres of the brain working

together (Fogarty, 2002, p. 262).
Differentiating instruction: Content is presented in ways that address [students’]

personal interests and different styles of learning (Feinstein, 2004, p. 163).
Direct instruction model: Madeline Hunter’s (1982) model of teaching involves

seven steps: A clear objective, standards, an anticipatory set, instructor

input, guided practice, closure, and independent practice (Fogarty, 2002,
p. 263).

Executive function: The frontal lobes of the brain are thought to play a major

role in executive function. The cognitive ability to form concepts and to

think abstractly are often considered to be components of executive
function (minddisorders.com, 2009).

Synaptic Reorganization: “Synapses may undergo remodeling which leads to
changes in their transmission efficiency or complete elimination of the

synaptic junctions” (Wolff & Missler, 1992). This may occur during critical
development periods as in adolescence.
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Transfer: A principle of learning described as a two-part process. First, the

effect that past learning has on the processing of new learning. Second,
the degree to which the new learning will be useful to the learner in the
future (Fogarty, 2002, p. 266).

Overview of the Study

The study was conducted between the sixth and tenth weeks of a twelveweek trimester. It began with 96 participants in five classes; however, because

of the high attrition rate which is common at alternative schools, the study ended

with 48 participants.
All students were taught the same curriculum. Of the students who

completed the study, 27 students were exposed to brain-compatible teaching

methods. The remaining 21 students received direct instruction. To establish a

base, data were collected on each student before the intervention. To assess
the degree of learning that occurred after the intervention, data were again
collected on each student.
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CHAPTER TWO

REVIEW OF RELATED LITERATURE

A teacher’s purpose is to inspire, to encourage, and to facilitate learning.
These goals are on going. As a result, there exists a constant search to develop
new strategies for transferring learning more effectively. Recently, much of this
exploration has included the field of neuroscience. The advent of new

technology has given insights into the natural way the brain learns and has

provided assistance in developing effective teaching methods.
In the early 1990s, a scientific method of teaching and learning was
developed called “educational neuroscience.” It began as an exciting

interdisciplinary approach to understanding the brain and its relationship to
learning. This became known as “brain-compatible teaching” (Jensen, 2007,

p. 5).

In 1993, Howard Gardner, a pioneer in the theory of multiple intelligences,
established modes of individual learning in his book, Multiple Intelligences. This
system demonstrates higher success in student learning. It is used by teachers

who design their lessons to meet the needs of individual students, rather than the

one-size-fits-all method.
In their book Brain Compatible Learning for the Block, Williams and Dunn
(2000), compared a teacher’s lesson plan to a chef’s recipe. Williams and Dunn
say that teachers and chefs both apply selective ingredients, materials, and
techniques to their success of the finished products. The inference is that
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teachers, like chefs, must apply their expertise to selecting the right ingredients,

materials, and techniques in order to bring about successful brain-compatible
learning strategies.
Several important studies have emerged from this discipline. They include

a growing number which show that negative emotions can be highly distracting to
the cognitive process. Dolcos and McCarthy (2006) indicate that “the
interactions within the frontal lobes and between an upper neural system
associated with executive processing, and a lower system associated with

emotional processing,” can contribute to the breakdown of the learning process
(as cited in Jensen 2007, p. 11). The findings indicate that the brain
underperforms when it is subjected to emotional distracters.

Students in a continuation high school setting typically experience many

kinds of emotional distracters that inhibit their learning processes. As Gardner

(1993) notes, the human brain is not a blank slate at birth but comes with a
multitude of intelligences, each with its own strengths and weaknesses.

Considering the uniqueness of each person’s brain, students must be individually
evaluated. This is particularly important for continuation high school students.
Many of them have fallen through the learning cracks because of their inability to

succeed in traditional school settings.

The Human Brain
Like fingerprints, people’s brains are unique. “The variability of a learner’s

brain reflects many factors including genetic and environmental influences. The
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connections between cells that are made as a result of our experiences form our
personal cognitive maps” (Jensen, 2000, p. 15). To understand the
neuroscience of brain-based learning, it is first important to understand brain

physiology.

The brain is composed of one hundred billion cells called neurons. A

neuron is made up of three basic parts: the cell body, dendrites, and an axon.
•

The cell body is like other cells and contains a nucleus, mitochondria,

endoplasmic reticulum, and ribosomes.
®

Dendrites are similar to tree branches in that they appear to be
sprouting out of the body of the cell. These projections allow the

neurons to communicate with other neurons.
•

The axon is a long tube that extends from the cell body. It is thicker

than the dendrites, and there is only one axon for each neuron.
Electro-chemical messages are carried along the length of the cell
through the axon. Some axons are covered with a thin layer of fat

called myelin. This insulates the axon and speeds up message
transmission.
•

Synapses are the spaces between the dendrites and the axon.
Synapses enable messages to jump from neuron to neuron. When a
person suddenly comprehends a new concept, the synapses

chemically stimulate the neurons, and they fire across the entire
network of brain cells, thus transmitting the new information (Jensen,

2007, p. 33).
15

The human brain weighs about three pounds and is divided into two

hemispheres. The left hemisphere controls the right side of the body, and the
right hemisphere controls the left side. The left hemisphere controls language,
reasoning, critical thinking, mathematical computations, and scientific problem

solving. The right hemisphere processes music, art, and spatial relationships.
Each hemisphere has four lobes. Each lobe is named after the part of the skull

that protects it:
1. The frontal lobe controls voluntary movements and has a role
in the use of language. The prefrontal areas are thought to

be the seat of intellect and personality.
2. The parietal lobe controls sensory information such as heat,
cold, pain, touch, and body position in space.

3. The occipital lobe controls the sense of sight.
4. The temporal lobe controls the senses of hearing and smell;

it is also involved with memory, thought and judgment
(Bronson, M. H., Merki, D., Cleary, M., Middleton, K., and Zike,
D., 2005, p. 403).

The outer parts of the brain are the cerebrum, the cerebellum, and the
brain stem. The cerebrum is the largest part of the brain and is composed of a

thin layer of gray matter. Billions of neurons in the cerebrum are what controls
conscious thought; learning, and memory. The structures important to this study
are located in the center of the brain. These are the thalamus, hypothalamus,
amygdala, hippocampus, and the basal ganglia. The thalamus is where sensory
16

input (except smell) is sorted and sent to other areas of the brain. The
hypothalamus is located just below the thalamus and regulates body functions

such as temperature, appetite, and sleep. It also controls secretions from the
pituitary gland. The amygdala is about the size and shape of an almond. This

part of the brain deals with high emotions such as the “fight or flight” response,
fear, risk, and uncertainty (Jensen, 2007). The hippocampus is responsible for
short-term and long-term memory. Its short term memory space is limited, so

unused information is discarded, and utilized information is then moved to long

term storage. The basal ganglia are responsible for smoothly functioning motor

skills. They work in conjunction with the cerebellum, and are “involved in
posture, coordination, balance, motor memory, counting, ordering, and other
cognitive activities. The cerebellum takes up just one tenth of the brain volume

but contains almost half of all the brain’s total neurons” (Jensen, 2007, p. 29).
The brain stem connects the spinal cord to the brain and is separated into
three parts: The medulla oblongata, the pons, and the midbrain. The brain stem

is responsible for facial movement and also regulates involuntary or unconscious

functions such as heartbeat, breathing, and reflexes (Jensen, 2007).
The average person learns through a process that relies on multilevel
input. The brain must be stimulated and does not learn in a linear manner. The

stimulus triggers input neurons, and they in turn send signals to the thalamus.
This signal is sent simultaneously by the thalamus to several areas of the brain.

Visual stimulus goes to the occipital lobe. At the same time information may be
sent to the working memory. During this time data is sent through the amygdala
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to determine if the information is a fight or flight issue or not. If it is, the
hypothalamus will trigger an alarm response. If there is no emergency, the

amygdala is not activated. After moving past the input neurons, the information

will follow several pathways and layers of neurons for further enhancement. “The

visual system alone, has over 15 layers (e.g., movement, color, contrast). Once
these areas process the new input, we create aggregates of the raw data called
rough drafts” (Jensen, 2007, p. 33). “These rough drafts are stored in the

hippocampus” as short-term memory.

If the information is recalled or

enhanced, it will be sent to the cortex to be stored in long-term memory. The
more these neurons are used, the stronger the synapse connections become.

The information learned is then stored in the cortex for long-term use (Jenson,

2007, p. 34).

Setting the Tone for Teaching
According to the prime directive in Quantum Teaching (DePorter,
Reardon, Singer-Nourie, 1999), mutual respect is essential between teachers

and their students. One way teachers can show respect to their students is by
associating what they “teach with an event, thought or feeling extracted from their

home, social, athletic, musical, artistic, recreational or academic lives” (DePorter
et al.,1999, p. 6). This provides a link between the curriculum and students’ prior

knowledge.
Learning involves the whole person, so providing lessons and activities

that address the emotional needs of students can have a positive effect on their
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learning process. Using “the first few minutes of class time to allow for emotional
processing and to steer emotions in a positive way” (Jensen, 2007, p. 11) is a

significant strategy to redirect any negative feelings students may have. This can
also be accomplished through the use of “humor, partner time, celebrations,
reflection, sharing, and physical activities” (Jensen, 2007, p. 11).

Creating an Environment for Learning

Approximately 40 percent of nerve fibers relay impulses from the retina of

the eye to the brain, and the eye can process 36,000 images per hour; therefore,
our visual environment is a very important component of the learning process.

The environment can promote students’ attention through the use of “color, light,

darkness, motion, form, and depth” (Jensen, 2000, p. 56).
Dr. Robert Gerard of the University of California Los Angeles studied the
effects of color on body functions. Morton Walker published Gerard’s findings in

The Power of Color in 1991. Gerard’s findings show:
•

Red is engaging and emotive. It is considered disturbing to anxious

students, and exciting to calm students. It triggers the pituitary and
adrenal glands to release adrenaline. Red may accelerate blood
pressure and breathing. It stimulates appetite and the sense of

smell.
•

Yellow is the first color distinguished by the brain. It is associated
with stress, and apprehension, it also stimulates a sense of
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optimism and balance. This color is a good choice for use in the

classroom.
•

Orange is not only halfway between red and yellow on the color

wheel, it is also halfway between in the way the brain responds to
stimulus. Orange is also a good choice for stimulating learning.
•

Blue is the most calming color. It calms tense students and
heightens feelings of well-being. Blue causes the release of eleven

neurotransmitters in the brain that help to relax the body. This may
help reduce body temperature and appetite. Blue may have an

effect that is too sedating for most classrooms.
•

Green also has a calming effect and may improve the immune
system.

•

Darker colors tend to lower stress and increase peacefulness.

•

Brown promotes a sense of safety, relaxation, and can reduce

fatigue.
•

Bright colors spark energy and creativity. They can also increase
aggressive behavior.

•

Gray is considered to be the most neutral color (Walker, 1991).

The classroom can be enhanced with color to create a desired effect;

however, color affects some people differently depending on individual
personalities or mood. Color preference can also affect learning. Some students
may have an affinity for the calmness of blue while others may have a preference

for yellow or orange. Generally, colors chosen for brain-compatible classrooms
20

do encourage learning. Specific colors chosen for posters, bulletin boards,

handouts, transparencies, and assignments may also have a positive effect on
students. For optimal learning choose yellow, light orange, beige, or off-white.
These colors seem to stimulate positive feelings (Walker, 1991).

Making Music Part of the Curriculum
Several studies have been done on the effects of music on learning. One

of the most notable is the 1993 Mozart study done in Irvine, California.

Researchers used music to determine whether or not it had an effect on learning
math. The findings were revolutionary. The study contends that the use of •

classical music stimulates parts of the brain needed for spatial, abstract reasoning

(Rauscher, Shaw, Ky, & Wright, 1993). “Just as there are language centers in the
brain, there are also areas that respond specifically to music” (Jensen, 2005, p. 3).
According to a study done by Morton, Kershner, and Siegel in 1990 (as

cited in Jensen, 2005, p. 60):

Background music can actually boost cognition during certain

tasks. In creative situations, background music may increase
bilateral cerebral arousal levels, possibly through the mediating role

of the right hemisphere, the brain’s center for creative and intuitive

thinking.

Music can be calming or energizing. It can evoke memories and
emotions. It can also prime students for enhanced learning. Instrumental music,
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played at 40 to 55 beats per minute (BPM) can calm the body and mind. To

energize students, music should be at a faster pace of 100 to 140 BPM.
A similar study (Bartlett, Kaufman, and Smeltekop, 1993) showed that

music can even have a healing effect. “There is some scientific evidence that
music, when used in certain ways, reduces stress and strengthens the immune

system” (as cited in Jensen, 2005, p. 2). It is evident that the use of music in

the classroom can have a very positive effect, not only on the classroom
environment, but also on individual student learning as well.

Teaching Strategies

Continuation high school students present many challenges to the
traditional educational system. Too often these students are left to flounder

their way through school because their needs have been ignored. Brain-based

methods of teaching may be a key to connecting with them. Teaching strategies
based on brain research address not only the whole person, but also the

classroom environment.

The first steps include providing a safe and non-threatening environment.

Students must also feel that their teachers are approachable. The strategies
used in this study involved setting the tone forteaching, creating an environment

for learning, and making music part of the curriculum.
The methods adopted for use in this study included the basic brain-based
teaching strategies that follow:
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•

Start lessons with an activity that uses students’ personal
experience or prior knowledge.

•

Ask questions and elicit a discussion on the topic.

•

Be aware of students’ different learning styles. Design lesson plans

that incorporate multiple intelligences so all students are engaged.
•

Use collaboration groups, teams, and partners to foster supportive
learning.

•

Always have the objectives for the day’s lesson written on the

board, so students will develop the habit of checking each day’s
educational goals.
•

Provide periodic breaks about every ten minutes in the lesson to
give students time to reflect or to share.

•

Use cross-lateral activities to incorporate both hemispheres of the

brain in the learning process.
•

immediately after teaching new information, have students discuss,

draw, or act out the concept. This not only helps them remember

the information, it also provides a method of checking for
understanding.
•

Use graphic organizers or mind maps to reinforce memory.

•

Encourage students to drink water at their desks because
dehydration affects the brain’s ability to process.

•

Teach students the importance of eating protein with carbohydrates
in the morning to aid learning.
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•

Allow students to get up and stretch or move their bodies in order to

increase blood flow to the brain.
•

Use humor, such as funny stories, cartoons, jokes, or videos to
stimulate student engagement.

•

Keep the environment at a comfortable temperature.

•

Provide music, sound effects, and repetition. This triggers the
auditory cortex which allows the brain to actually grow by making
new neural pathways.

•

The use of realia, sound, color, and aroma triggers sensory input.

•

Always have a beginning and an end to the lesson. The brain
needs a beginning to become attentive and an ending to know
when it is time to process and store the information appropriately

(Jensen, 2004).
For the purpose of assessing and measuring the effectiveness of brain-based

teaching methodologies, these strategies were incorporated in this study.

Continuation High School Students
Several studies have been done on the behavior of alternative education

students; however, no studies using neuroscience technology research have
ever been done on these students’ learning modalities. Research has been done

on traditional learners, who have been exposed to brain-based strategies, and

those learners showed improvement. One recent study is the Mozart Effect, a
study done by Rauscher et al. (1993), which sought to solve the “music and
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intelligence” debate (as cited in Jensen, 2007, p. 17). Another “groundbreaking

study, done by Eriksson, Perilieva, Bjor-Eriksson, Alborn, Nordborg, Peterson et
al. (1998), showed that humans can and do grow new brain cells” (as cited in
Jensen, 2007, p. 17). A third study provided examples of how brain-based
classroom strategies might be effective. That research was done in 2006 by
Dolcos and McCarthy (as cited in Jensen, 2007, p. 11).

Continuation high

school students were specifically targeted in this study to determine whether or
not their learning would also be enhanced by brain-based teaching methods.
Students in continuation high schools have one thing in common. To be
referred to this type of program, they must be behind in credits. There are

various reasons why they have fallen behind. The causes may be psychological,

behavioral, intellectual, or physical, and those reasons may be present in varying
degrees. Stits (2001) states that these students may be “experiencing family

instability and dysfunction, poor attendance, lack of credits, and [an] inability to

perform to expectations” (para. 1). They demonstrate behavior problems, have
learning disabilities, are suffering from illnesses, are on medication, are pregnant,
are living in group homes or foster care, have been incarcerated and are on

probation, or are in abusive situations. Many students must work to help support
their families. In addition to these distractions, these students must also contend
with a certain stigma that is attached to attending a continuation high school.
Whatever their life situation happens to be, it usually indicates that these

students are considered to be at high risk. The combination of these conditions
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often leads to a significant drop in self-efficacy, so promoting learning and

making school desirable for this population is a huge challenge.
In recent years the purpose of continuation high schools has changed

dramatically. “At its inception, continuation education began as an alternative

that made it possible for a student to continue his education on a part-time basis
as well as work at a job. California sanctioned this kind of program as an option

available to local school districts” (Stits, 2001, para. 2). Today, many
continuation schools have become more like holding tanks for underachievers,

truants, and unmanageable teenagers, but they are also places where educators

are expected to demonstrate that their at-risk students can meet unrealistic,
mainstream standards which are now required by local, state, and federal
agencies (Stits, 2001, para. 6).

A Brief History of Continuation High Schools in California

Continuation high schools were established in 1919 as an alternative to
traditional education. Their purpose was to bring down the drop-out rate of

sixteen to eighteen year olds who worked and needed flexible hours. These
schools became crucial when, “in 1965 changes to the California Education Code
<
provided that a continuation program or school is mandated in every district as

the state’s primary program of dropout prevention” (Stits, 2001, para. 2). Today,
there are over five hundred continuation high schools in California.
Through the 1970s and early 1980s, continuation high schools used

“learning packets” as a basis for their curriculum. Completed packets earned
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students credits, but the content was not academically aligned to the grade-level
content and standards found in the traditional school setting. These packets
“frequently focused on lower level skills that students accomplished on their own.
Group instruction was a rarity in most schools and students were typically

provided with personal contracts for completion in a primarily textbook centered
[sic] environment” (Stits, 2001, para. 4).

School reforms in the 1990s maintained the intimacy found in the smaller
continuation setting but brought more depth and breadth to the curriculum, which

had to meet the same standards required for graduation as the comprehensive
schools. California Education Code (Section 43201) now requires that
continuation high schools “provide an educational program leading to a diploma,

provide intensive guidance services, and vocational preparation” (Stits, 2001,
para. 3). These mandates have added to the efficacy of continuation high
schools and have opened the door to new possibilities in teaching strategies.

However, they have also brought with them the challenge of having students

meet NCLB requirements because most continuation high school students test at
the “far below basic” levels. Getting these students to meet the requirements of

the NCLB legislation will present challenges for many years to come.
Keeping small class sizes, maintaining a safe environment, and providing

for the emotional as well as the academic needs and requirements of these
students constitute a good start toward achieving the desired outcome. These
strategies not only encourage achievement, they also awaken intrinsic motivation
in students to want to learn (Caine, Caine & Crowell,1999).
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CHAPTER THREE
METHODOLOGY

Approach
A quasi-experimental design was used to gather data for this study. Since

all variables can not be controlled or completely ruled out, some alternative

explanations were considered when data was interpreted (Leedy & Ormrod,

2005). Permission was sought to conduct this study from Sierra High School’s
principal and also from the Institutional Review Board (1RB) of California State
University, San Bernardino.

Design of the Investigation

The format of the study followed a pre-test, post-test, and comparison
group design. Using “O” to indicate observation and “X” to represent treatment,

the design is illustrated as follows:
Pre-test

T reatment

X

Group IO
Group II

Post-test

O
O

O

Population and/or Sample
The participants in the study were 16-to 18-year-old continuation high
school students who were enrolled in the investigator’s health education classes.

Each class originally consisted of approximately twenty students. Initially, 96
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students were in the study. The classes were randomly selected. Half of the
students received the brain-based intervention strategies (in periods two, three,,
and four) and the other half (in periods five and six) received traditional teaching

strategies.

Instrument
All California high school students are regularly assessed with

standardized tests that measure their learning. This assessment was specifically

chosen because it is content standard based.

That is, it correlates to state and

national standards. It was important to evaluate the study students using that
format rather than with a brain-based assessment because the students in this

study needed to be compared to students who were taught using traditional
methods.

The instrument used was Chapter 17 Test, Form A, found in the Glencoe
Health textbook (See Appendix D). This test consists of thirty questions: 10

multiple choice, 10 true or false, and 10 matching questions.

T reatment

The curriculum taught was an overview on human digestion. All of the
students in the study took a pretest to establish their base knowledge of digestion
(See Appendix D). The two comparison classes were then given traditional

direct instruction. The treatment classes received brain-based intervention
strategies. Upon completion of the instruction, all participants took a post-test.
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Two classes received direct instruction, a video on the process of

digestion, and graphics of the digestive system. They also read the chapter on
the digestive system in their textbooks. The course of study consisted of five 50-

minute classes. In addition to the instruction that the comparison group received,
the treatment group received the brain-based strategies which are provided in
the “Teaching Strategies” section, located in Chapter 2.

Data Analysis Procedures

An independent samples Atest was applied to the data to discern the
significant effect of brain-based teaching strategies when compared to traditional,
direct instruction methods.
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CHAPTER FOUR

RESULTS

A two-group, pre-test/post-test design with an untreated comparison group

was utilized in this study. One of the concerns in this type of study is the
potential for non-random assignment of students to intervention and comparison
groups. Two measures were taken to minimize this threat to validity: (1) the
students were randomly enrolled by the school counselor in the health classes.

There was no apparent sorting based on gender, ethnicity, or academic aptitude.

(2) Periods two, three, and four were randomly selected to be the treatment

group, and periods five and six were selected to be the comparison group.
The study examined the effect of brain-based instruction on students’

academic performance as measured by a 30-question test on human digestion.
The students in the brain-based method of instruction group (n = 27) and the
students in the traditional direct instruction group (n = 21) were given two tests.

A pre-test was given to determine their pre-existing knowledge, and a post-test
was given to determine what gains, if any, were made during instruction. The

pre-test results showed a mean score of 13.22 (SD = 4.526) correct answers for
the brain-based instruction group and a mean score of 11.75 (SD = 4.700) for the
traditional instruction group (see Table 1). The post-test results showed a mean

score of 17.96 (SD = 5.761) correct answers for the brain-based instruction group
and 13.19 (SD = 5.537) for the traditional instruction group.
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Table 1.
Group Statistics

Group

Pre-Test

Post-Test

Brain-Based
Instruction
Traditional
Instruction
Brain-Based
Instruction
Traditional
Instruction

N

Mean

27

13.22

Standard
Deviation
4.526

Between Group
Comparisons
p=.281

21

11.76

4.700

27

17.96

5.761

21

13.19

5.537

p=.006

According to the independent samples t-test, data reflected no significant

difference between the groups at pre-test. This result was expected; however,

the treatment, brain-based instruction group demonstrated a significantly, greater
effect (p=.006) on students’ post-test scores.

Brain-based instruction did have a positive effect on the learning of this

study group. Even when considering the exposure to multiple emotional
distractions usually associated with continuation high school students (as
described in Chapter Two), the brain-based methodology appears to be effective
I

in contributing to their learning.
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CHAPTER FIVE

SUMMARY

While the results suggest that brain-based teaching methods are
beneficial to continuation high school students, the sample was too small to be
conclusive. It was also not large enough to generalize to other populations. The

study began with ninety-six students. Forty-eight students completed the study.
Twenty-seven students comprised the brain-based group, and twenty-one

comprised the traditional teaching methods group.

Transience and high absenteeism significantly hindered the ability for all
participants to complete the administration of the pre and post-tests. Some

students were administratively added to the classes after the pretest, and other
students had either dropped the class or were absent for the post-test window.

By the conclusion of the study, 38 students had not completed both tests; the

data from those students were not included. The reduction of participants may
have skewed the outcome of the research because the only data used were from
students who were able to participate in the entire study.

Two other factors that may have affected the internal and external validity
of the study must also be considered:
•

First, Sierra High School students are considered to be low

achievers. On the California Standardized Test (CST) in Language
Arts, no students tested at the “Proficient” or “Advanced” levels.

Only 5% tested at the “Basic level,” 24% tested at “Below Basic,”
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and 71% tested at “Far Below Basic” (STAR, 2009, See Appendix

A). Low-performing students may have been hampered by their
inability to read and to understand the questions on the test.

•

Second, 26% of the students tested are designated as English

Language Learners (ELL). These students may or may not have
acquired the language skills needed to fully demonstrate their true

learning.

Conclusion
During adolescence, the synaptic reorganization of the brain is thought to
cause the process of switching from the amygdala’s more emotion-based

thinking to the frontal cortex’s more executive function thinking. The switch
happens biologically. While contributing to the natural maturation process,

synaptic reorganization also has a profound effect on teenagers’ sensitivity to
their life experiences (Blakemore & Choudhury, 2006). It is important to

introduce brain-based teaching methods that incorporate sensory and cognitive
input during adolescence because that is when the brain is much more likely to

respond to these teaching strategies. The results of this study support the
hypothesis that brain-based instructional methods are beneficial to continuation
high school students and by extension to those in a traditional, comprehensive
high school environment as well. These findings are congruent with previous

studies.
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Recommendations
Because the number of participants in this study was small and was also
limited by student transience, a follow-up study should examine brain-based
teaching strategies on a larger scale. Using a larger population, which should

include several continuation high schools, would provide for greater internal

validity and generalizability. The atypical socio-economic characteristics of

students at continuation high schools make it difficult to study the brain-based

approach in isolation because of the many other factors which may influence

learning.
Neuroscience has grown exponentially since the onset of brain imaging.

For the first time, researchers are now able to actually watch the brain function.

What they have discovered is that the adolescent brain is not fully developed.

While much has been learned, continued research will show how the adolescent

brain reacts to a variety of brain-based teaching strategies. Further studies “will

provide insights into potential intervention schemes in secondary schools, for

example, remediation programs or anti-social behaviour” (Blakemore &
Choudhury, 2006, “Implications for Teenagers,” para. 2) interventions.
Standardized tests are quantifiable and measurable against specific state

standards, but that type of assessment may ignore or even reject the way some

students naturally learn (Jensen, 2000). Therefore, additional research should
explore the validity of the ways students are assessed. Students should be
evaluated in accordance with the way they learn. Compatible brain-based
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methods should be developed and used to more accurately evaluate students’
genuine learning.
Brain-based teaching methodology will be the next paradigm in education.

It just makes sense because multiple intelligences and different learning styles
X

have been generally accepted. Brain imaging is backing up what teachers have

anecdotally observed for years. Students learn differently. The shift may be a

slow process, but with the advances in brain-research technology, and the

acceptance of new strategies by teachers and administrators, further
development of brain-based teaching is inevitable. Such strategies will
eventually be commonplace in our classrooms and will likely contribute to fewer

dropouts and greater student success.
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CALIFORNIA STANDARDIZED TESTING AND REPORTING
Sierra High School
All Students
Total Enrollment on First Day of Testing:

90
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83
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HUMAN BRAIN DIAGRAM

Parts of normal human brain
Source: Washington University
Washington University. Retrieved from http://www.alternativescience.com/no_brainer.htm
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PRE-TEST AND POST-TEST

Human Digestion
I. Directions: In the space provided, write the letter of the choice that best
completes the statement or answers the question.

______ 1. An inflammation of the mucous membrane that lines the stomach
is:

a. a peptic ulcer.
b. lactose intolerance.

c. gastritis.
d. appendicitis.

______ 2. An individual’s digestive system will benefit from:
c. emotional or mental
stress
d. drinking at least eight 8ounce glasses of water
daily.

a. eating quickly.

b. foods low in fiber.

______ 3. Which is involved in mastication?

a. the stomach lining
b. the teeth

c. the small intestine
d. the rectum

______ 4. Which of the following is a correct statement about the urinary
system?

a. The kidneys store urine until it is ready to be eliminated.
b. Urine consists of water and body wastes that contain oxygen.
c. The kidneys monitor and maintain the body’s acidrbase and
water balances.
d. When the body is dehydrated, the bladder signals the brain to
send a message that you recognize as thirst.
______ 5. A feeling of discomfort in the upper abdomen, sometimes
accompanied by gas and nausea, is:

a. heartburn.
b. indigestion.

c. constipation.
d. acid reflux.
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______ 6. The first stage of the digestive process is:

c. peristalsis
d. absorption

a. elimination.
b. ingestion.

______ 7. Which condition is the result of crystallization of salts in the urine?

c. kidney stones
d. cystitis

a. nephritis
b. uremia

______ 8. In the stomach:

a.
b.
c.
d.

food is converted to chime.
liquids are absorbed.
bile acids dissolve the fats in food.
nutrients are absorbed through capillaries.

______ 9. Which of the following occurs when cholesterol in bile crystallizes
and
blocks the bile duct between the small intestine and the
gallbladder?

c. appendicitis
d. gallstones

a. constipation
b. gas

____ 10. Which of the following serves to filter waste material from the
blood?

c. the bladder
d. the urethra

a. the kidneys
b. the renal vein

II. Directions: Place a plus (+) in the space provided if the statement is true.
Place a zero (0) if the statement is false.

______ 11.

Usually kidney disorders do not need to be treated by a health
professional.

______ 12.

Diarrhea can cause dehydration, especially in infants and young
children.

______ 13.

Glands in the stomach produce the first digestive juices used in
the digestive process.
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______ 14.

One function of the kidneys is to reabsorb or secrete salts,
water, and other materials according to the body’s needs.

______ 15.

The esophagus, the muscular tube that connects the throat with
the
stomach, is the first organ into which swallowed food is pushed.

______16.

The ureters are constantly working, passing small amounts of
urine to
the bladder about every 15 seconds.

______ 17.

The best way to overcome constipation is by using laxatives.

______ 18.

Peptic ulcers can be caused by regular use of anti-inflammatory
drugs such as aspirin.

______ 19.

The wavelike action of swallowing pushes food and fluid through
the hollow organs of the digestive system.

______ 20.

The waste products of the digestive process include undigested
food.

III. Directions: Match each term in the left column with the best definition in
the right column. Write the letter of the best choice in the space provided.

21.

ureters

a. the functional units of the kidneys

22.

digestion

b. the tube that leads from the bladder to the

23.

nephrons

24.

elimination

25.

urine

26.

gastric juices

d. an inflammation of the bladder

27.

appendicitis

e. secretions from the stomach lining that

28. urethra

29

peptic ulcer

outside of the body
c. the mechanical and chemical breakdown of

foods for use by the body’s cells

contain hydrochloric acid and an enzyme

that digests protein

47

______ 30.

cystitis

f. tubes that connect the kidneys to the
bladder

g. the expulsion of undigested food or body
wastes
h. the inflammation of the appendix
i. a sore in the lining of the digestive tract

j. liquid waste material r
Merki, M. B., & Merki, D. (2004). Glencoe Health: Teacher Wraparound Edition.

New York: Glencoe, McGraw-Hill.
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